Several complexes have been prepared with selected divalent transition metal cations and either p-tosyl lysine or p-tosyl glutamic acid; both acids were the L isomer. These complexes were synthesized in dilute aqueous solution and have been studied polarographically. Eight previously unreported compounds were prepared and studied, and their dissociation constants and coordination numbers are reported in this paper. The calculated Free Energies of Formation are also reported.
Metal ion complexes of lysine and glutamic acid have been reported by several workers 1-3 as well as for many other alpha amino acids. It is important to determine the effect of a large substituent group bonded to the chelating amino acid on the stability of the complex. Unsubstituted complexes have been studied potentiometrically 4 and polarographically 5 . A previous paper in this series 6 outlined the Polarographie method used in this study. Equations for the calculation of stability constants and coordination numbers of the various complexes are presented in 6 and will not be repeated here.
Experimental
Polarographic measurements were carried out using a Leeds and Northrup Electrochemogram, Type E set in the galvanometer equivalent position; voltage to the instrument was strictly regulated with a constant voltage transformer. A thermostatted water bath was used to maintain temperature control to 25 °C. ±0.2°. All pH and pK measurements were made using a Beckman model 76 expanded scale meter with new electrodes. The same capillary was used throughout the series of determinations.
Metal ion solutions were freshly prepared from the reagent grade nitrates of cadmium (II), copper (II), lead (II), manganese (II), mercury (II), and zinc (II); concentrations of stock solutions were uniformly 5xl0 -4 molar. The solutions kept well except for the manganese (II) which had to be prepared immediately before each series of runs. Stock solutions of 0.1 molar potassium salts of the p-tosyl amino acids were like- wise prepared in advance and stored in well stoppered dark bottles. 0.1 molar potassium chloride was used as supporting electrolyte; 0.002 per cent Triton X-100 was added as a maximum suppressor where needed. Water used was triple distilled in an all borosilicate glass apparatus, and nitrogen was purified by passing tank nitrogen through a train consisting of an ammoniacal solution of copper (I) salt containing copper turnings, a sulfuric acid wash bottle, and a flask containing dilute sodium hydroxide.
The potassium salts of the amino acids were prepared from pure acids and just less than the theoretical amount of base to prevent irreversible electrode reactions 7 .
Procedure: Fifty milliliter volumetric flasks were used to prepare various concentrations of p-tosyl amino acid, metal ion, and supporting electrolyte at a constant ionic strength of 0.1 molar. Oxygen free nitrogen was bubbled through the specially designed H-cell 8 for ten minutes, and polarograms were obtained using five and ten microampere ranges. Both forward and reverse runs were made for each solution, and appropriate corrections were made for the residual current. A nitrogen atmosphere was maintained above the solution in the H-cell to prevent oxygen contamination.
Each run was tested for reversibility by measuring the slope of a plot of the function log if (id -i) versus £de, where i and id are the current at any point on the wave and the militing diffusion current in microamperes respectively, and #de is the potential of the dropping mercury electrode in volts; these data are taken directly from the polarogram. If a straight line with slope equal to the theoretical value ± five millivolts was not obtained from such a plot, the data were discarded. Finally, a correction for the iR drop was made using the method of SCHAAP and MCKINNEY Similar data were obtained for the other complexes reported here. These data, together with calculated coordination numbers are listed in Table 2 . Dissociation constants listed are the mean of five values. Calculated Free Energies of Formation are also listed in Table 2 ; these have been calculated using the method of Li and DOODY
.
The coordination numbers listed in Table 2 are reasonable with the exception of that for cadmium p-tosyl lysinate. With organic addends, the coordination number of cadmium(II) is four or less; However, a coordination number of five has been reported for both cadmium and zinc n . If at two electron reduction is assumed for this complex, the coordination number is calculated as ten. The magnitude of the dissociation constant for the same complex is also unusual, and thus no Free Energy Discussion Coordination numbers as calculated from the data are generally reasonable and in agreement with those reported by us for p-tosyl glycine; 6 . Cadmium (II), however, exhibits a different coordination number with each of the three ligands and is suspent in the oase of p-tosyl lysine. It should be understood that the coordination numbers presented represent the number of molecules of ligand per metal cation; there may be additional coordination positions occupied by water molecules.
Orders of stability of the complexes are also in substantial agreement with that of the p-tosyl glycine complexes. The sequence for p-tosyl glutamic acid complexes is: Hg>Cu = Cd>Zn>Pb, and that for p-tosyl lysine and much more limited data is:
Cd > Zn > Mn . For the p-tosyl glutamic acid complexes of the group II-B metal ions, the stability increases with increasing atomic weight; this is again in agreement with our data for p-tosyl glycine.
Complexes not reported in this paper either gave irreversible waves or could not be prepared at all under the conditions of the research. The cadmium (II) lysine complex was reversible, but data are difficult to interpret.
Paucity of information for similar complexes of glutamic acid and lysine do not permit comparison of data, but it would seem that the presence of the bulky p-toluenesulfonyl group does not materially affect the chelating abilities of amino acids. 
